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0LFHOODUHQKDQFHG PLFURILOWUDWLRQ 0(0) ZDV VWXGLHG WR UHPRYH UHDFWLYH G\HV IURP DTXHRXV VROXWLRQ ,Q WKLV VWXG\
VLPXOWDQHRXVUHPRYDORI5HDFWLYH%ODFN5%DQG5HDFWLYH2UDQJH52YLD0(0)XVLQJSDOPEDVHGHVWHUTXDW3%(
DV FOHDYDEOH VXUIDFWDQW ZDV LQYHVWLJDWHG 7KH HIIHFW RI VXUIDFWDQW FRQFHQWUDWLRQ RSHUDWLQJ SUHVVXUH DQG LQLWLDO S+ RQ WKH








WRZDUGV WKH H[SRUW RULHQWHG LQGXVWULDOL]DWLRQ 7KLV LQGXVWULDO VHFWRU KDV FRQYLQFLQJO\ FRQWULEXWHG WR 0DOD\VLD¶V
HFRQRPLF JURZWK HVSHFLDOO\ LQ 3HQLQVXODU 0DOD\VLD DQG 6DUDZDN >@ 1HYHUWKHOHVV WKHVH LQGXVWULHV DUH IDFLQJ
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(YHQD VPDOO DPRXQWRI G\H H[LVWLQJ LQ WKHZDWHU LV QRWLFHDEOH ,W DIIHFWV WKHZDWHU FOHDUQHVV DQG DTXDWLF OLIHE\
EORFNLQJWKHSHQHWUDWLRQRIVXQOLJKWWKURXJKWKHZDWHU>@
7KH WUHDWPHQW RI ZDVWHZDWHU IURP WKH FRWWRQ WH[WLOH SURFHVVLQJ LQGXVWU\ KDV EHHQ ZLGHO\ H[SORUHG LQ WKH
OLWHUDWXUH HVSHFLDOO\ IRU WKH ZDVWHZDWHU IURP G\HLQJ RSHUDWLRQV 7KH UHPRYDO RI G\HV GHSHQGV RQ WKH FKHPLFDO
VWUXFWXUH RI G\HV ZKLFK OHDG WR WKH VHOHFWLRQ RI WKH VXLWDEOH PHWKRG XVH IRU ZDVWHZDWHU WUHDWPHQW 0RVW RI WKH
FRPSRXQGVWUXFWXUHRIG\HVFDQEHYHU\FRPSOH[KHQFHDIIHFWWKHGHJUHHRIELRGHJUDGDELOLW\*HQHUDOO\G\HZLWK
ORZ VROXELOLW\ FDQ EH HDVLO\ UHPRYHG E\ SK\VLFDO PHDQV VXFK DV IORFFXODWLRQ DQG FRDJXODWLRQ +RZHYHU ZDWHU
VROXEOH G\HV VXFK DV UHDFWLYH G\HV FDQQRW EH UHPRYHG HIILFLHQWO\ E\ FRDJXODWLRQ RU DGVRUSWLRQ SURFHVV 7KH
FRQYHQWLRQDO ELRORJLFDO WUHDWPHQW SURFHVVHV DOVR XQDEOH WR DFKLHYH DGHTXDWH FRORXU UHPRYDO >@ (DFK RI WKH
PHWKRGVXVHG IRU WKH WUHDWPHQWRI WH[WLOH G\HLQJ HIIOXHQW KDV LWV RZQFDSDELOLW\ IRU G\H UHPRYDO7KHVHPHWKRGV
KDYHVRPHOLPLWDWLRQDQGGLVDGYDQWDJHVRQWKHWUHDWPHQWSURFHVVHV
0LFHOODUHQKDQFHGXOWUDILOWUDWLRQ 0(8) DQG0LFHOODUHQKDQFHGPLFURILOWUDWLRQ 0(0) DUHNQRZQDVYLDEOH
DOWHUQDWLYH WHFKQLTXHV DV WKH\KDYHSURYHG WKHLU DELOLW\ WR UHPRYH FRQWDPLQDQWV IURPZDVWHZDWHU >@ ,Q WKHVH
SURFHVVHV VXUIDFWDQW LV DGGHG LQWR WKH DTXHRXV VWUHDP FRQWDLQLQJ FRQWDPLQDQWV RU VROXWH HJPHWDO LRQ RUJDQLF




DUH DWWUDFWHG VWURQJO\ E\ WKHPLFHOOH VXUIDFH DQG ZLOO VROXELOL]H LQ WKH PLFHOOH LQWHULRU >@0LFHOOHV FRQWDLQLQJ
VROXELOL]HGFRQWDPLQDQWVZLWKODUJHUGLDPHWHUWKDQWKHPHPEUDQHSRUHVL]HZLOOEHUHMHFWHGE\WKHPHPEUDQHGXULQJ




H[LVW LQ WKHSHUPHDWH VROXWLRQDWFRQFHQWUDWLRQ OHVV WKDQ LWV&0&&RQVHTXHQWO\ IXUWKHU WUHDWPHQWRQUHFRYHU\RI
VXUIDFWDQWIURPSHUPHDWHVROXWLRQLVUHTXLUHGWRHQVXUHWKHSURFHVVLVFOHDQIURPKD]DUGRXVPDWHULDOV7KHOLPLWDWLRQ
RQWKHORVVRIVXUIDFWDQWPRQRPHUVDQGVXEPLFHOODUDJJUHJDWHVWKURXJKWKHPHPEUDQHDOVROLPLWVWKHXVHRI0(8)
WHFKQLTXH >@ )XUWKHUPRUH LQ DFWXDO VLWXDWLRQ WKH UHDO WH[WLOH ZDVWHZDWHU FRQWDLQV VHYHUDO PL[WXUHV RI UHDFWLYH
G\HV%DVHGRQWKHVHVWXGLHVWKHUHLVDQHHGWRLQYHVWLJDWHWKHFRPSHWLWLYHUHPRYDORIUHDFWLYHG\HVPL[WXUHXVLQJD
ELRGHJUDGDEOH SODQWEDVHG VXUIDFWDQW LQ VXUIDFWDQWEDVHG VHSDUDWLRQ SURFHVV WR HQVXUH WKH WHFKQRORJ\ LV VDIH DQG
HQYLURQPHQWDOIULHQGO\
7KH REMHFWLYH RI WKLV UHVHDUFK LV WR VWXG\ WKH VLPXOWDQHRXV UHPRYDO RI 5HDFWLYH%ODFN  5% DQG 5HDFWLYH
2UDQJH  52 IURP DTXHRXV VROXWLRQ XVLQJ 0LFHOODUHQKDQFHG 0LFURILOWUDWLRQ 0(0) $ FDWLRQLF
ELRGHJUDGDEOHFOHDYDEOH VXUIDFWDQW SDOPEDVHGHVWHUTXDW 3%(ZDVXVHG LQ0(0)SURFHVVDQG LWVHIIHFWLYHQHVV
ZDV LQYHVWLJDWHG$0L[HG&HOOXORVH(VWHU 0&(PLFURILOWUDWLRQPHPEUDQHZLWKSRUHVL]HRIȝPZDVXVHG


































H[SHULPHQWV ZHUH FRQGXFWHG DW URRP WHPSHUDWXUH XVLQJ EDWFK XQVWLUUHG GHDG HQG ILOWUDWLRQ PRGHO 6WHUOLWHFK
+386$'\HVPL[WXUHZDVSUHSDUHGE\GLVVROYLQJHTXDOPDVVRI5%DQG52LQGHLRQL]HGZDWHU7KH
5%52G\HVPL[WXUHFRQFHQWUDWLRQZDVNHSWFRQVWDQWDWPJ/DQG3%(FRQFHQWUDWLRQZHUHVHOHFWHGDERYH





PHPEUDQH SHUPHDELOLW\ ZDV FKHFNHG WR HQVXUH WKDW WKH SHUPHDELOLW\ YDULHG ZLWKLQ  RI WKH LQLWLDO PHDVXUHG
YDOXH$OOH[SHULPHQWVZHUHFRQGXFWHGDWURRPWHPSHUDWXUH.
 $QDO\VLV
7KH SHUPHDWH FRQFHQWUDWLRQV ZKLFK FRQWDLQLQJ G\HV DQG 3%( VXUIDFWDQW ZHUH PHDVXUHG
VSHFWURSKRWRPHWULFDOO\XVLQJ899LVVSHFWURSKRWRPHWHU 3HUNLQ(OPHU/DPEGDDWZDYHOHQJWKRIQPIRU








































'   
ZKHUH&G LV IHHGG\H FRQFHQWUDWLRQ&SG LV SHUPHDWH FRQFHQWUDWLRQRIG\H&F LV IHHG3%(FRQFHQWUDWLRQ&SF LV
SHUPHDWHFRQFHQWUDWLRQRI3%(¨9LVFXPXODWLYHYROXPHGLIIHUHQFH¨WLVWLPHGLIIHUHQFHDQG$LVPHPEUDQHDUHD
>@
3. Results and Discussion 
 (IIHFWRI3%(VXUIDFWDQWFRQFHQWUDWLRQ
)LJD VKRZV WKHHIIHFWRI 3%(FRQFHQWUDWLRQRQG\HV UHPRYDO IRU0(0)RI5%52G\HVPL[WXUHDW




WDLOV OHDGV WR IRUP YHVLFOHV DQG IOH[LEOH ELOD\HU PLFHOOHV >@ 'XULQJ 0(0) SURFHVV WKH PLFHOOH DUUD\ RQ










7KH GHFUHDVH RI SHUFHQWDJH RI5% UHPRYDO IURP WR ZDV REVHUYHG DV WKH 3%( FRQFHQWUDWLRQ
LQFUHDVHGIURP&0&WR&0&KHQFHUHVXOWLQJLQOHVVUHPRYDODVFRPSDUHGWR527KHVPDOOUHGXFWLRQDERXW
LQ52UHPRYDOLQGLFDWHVWKDWWKH52UHPRYDOLVQRWLQIOXHQFHE\WKH3%(FRQFHQWUDWLRQH[FHHG&0&
7KLV ILQGLQJ LV FRQWUDGLFW ZLWK WKH SUHYLRXV VWXG\ RQ0(0) RI VLQJOH5% DQG52 G\H >@ 7KH GLIIHUHQFH
EHWZHHQ WKHVH ILQGLQJV UHYHDOV WKH SUHVHQFH RI FRPSHWLWLYH ELQGLQJ LQWHUDFWLRQ EHWZHHQ 5% DQG 52 LQ 3%(








7KH LQIOXHQFH RI IHHG VXUIDFWDQW FRQFHQWUDWLRQ RQ3%( UHPRYDO LV SUHVHQWHG LQ VKRZQ LQ )LJ D )URP WKLV
ILJXUHLWLVFOHDUO\VHHQWKDWWKHUHPRYDORI3%(VXUIDFWDQWZDVVKDUSO\GHFUHDVHGZLWKLQFUHDVHLQ3%(VXUIDFWDQW
FRQFHQWUDWLRQIURP&0&WR&0&7KLVILQGLQJLVFRQVLVWHQWZLWK0(8)VWXG\E\RWKHUUHVHDUFKHUV>@
'XULQJ WKH ILOWUDWLRQ SURFHVV XQGHU XQVWLUUHG FRQGLWLRQ WKHPLFHOOHV RFFXS\PRUH RU OHVV D IL[HG ORFDWLRQ RQ WKH
PHPEUDQHVXUIDFH7KLVFDXVH WRD ORFDOFRQFHQWUDWLRQJUDGLHQWEHWZHHQ IHHGDQGSHUPHDWHVLGHVZKLFK LVFOHDUO\
QRWLFHDEOHDWKLJKHUEXONFRQFHQWUDWLRQV$VDUHVXOWWKHVXUIDFWDQWPRQRPHUVGLIIXVHUDSLGO\WRWKH SHUPHDWHVLGH
KHQFHLQFUHDVHGWKHVXUIDFWDQWFRQFHQWUDWLRQDWSHUPHDWHVLGH>@
)LJ E LOOXVWUDWHV WKH HIIHFW RI 3%( VXUIDFWDQW FRQFHQWUDWLRQ RQ VWHDG\ VWDWH SHUPHDWH IOX[ DW  KRXUV RI
RSHUDWLRQ IRU 0(0) RI 5%52 G\HV PL[WXUH ,W FDQ EH VHHQ WKDW WKH SHUPHDWH IOX[ GHFUHDVHV ZLWK 3%(
FRQFHQWUDWLRQV 7KLV LQGLFDWHV WKDW WKH FRQFHQWUDWLRQ RI PLFHOOHV LQFUHDVHV ZLWK DVFHQGLQJ RI VXUIDFWDQW
FRQFHQWUDWLRQ7KXVPRUHPLFHOOHVDUHUHWDLQHGRQWKHPHPEUDQHVXUIDFHIRUPLQJDWKLFNHUOD\HURIPLFHOOHVNQRZQ










GHFRORXUL]DWLRQ RI 5% DQG 52 LQ DTXHRXV VROXWLRQ 7KLV ILQGLQJ ZDV LQ D JRRG DJUHHPHQW ZLWK 'DQLV DQG























)LJ D VKRZV WKH HIIHFW RI LQLWLDO S+ RQ G\HV UHPRYDO IRU0(0)RI5%52 G\HVPL[WXUH DW  KRXUV RI
H[SHULPHQWV ,W LVGHSLFWHGIURPWKLV ILJXUHWKDW WKHUHPRYDORI5%XVLQJ3%(VXUIDFWDQWVHHPVLQYDULDQWZKLOHD
VOLJKW LQFUHDVH RI52 UHPRYDO ZDV REVHUYHG DV WKH LQLWLDO S+ LQFUHDVHG IURP  WR  $W ORZ S+ WKH G\H






7KH DGGLWLRQDO RI 1D2+ LQ 3%( VXUIDFWDQW LQGXFHG WKH DONDOLQH FDWDO\]HG K\GURO\VLV ZKHUH WKH HVWHU ERQG
K\GURO\]HG UDSLGO\ SURGXFLQJ WZR IDWW\ DFLG VRDS PROHFXOHV DQG VPDOO K\GURSKLOLF TXDWHUQDU\ > @ 7KH










)URP )LJ D LW LV REYLRXVO\ GHSLFWHG WKDW WKH ORZHVW VXUIDFWDQW UHPRYDO REWDLQHG IRU 0(0) XVLQJ 3%(
VXUIDFWDQWLVDWLQLWLDOS+RI7KHIRUPDWLRQRI3%(PLFHOOHVDUHVOLJKWO\LQHIIHFWLYHDWORZLQLWLDOS+ZKLFK
OHDG WR VOLJKW LQFUHDVH RI VXUIDFWDQW FRQFHQWUDWLRQ LQ PRQRPHU IRUP 7KH VXUIDFWDQW IUHH PRQRPHUV ZKLFK DUH
VPDOOHU LQ VL]H KDYH WHQGHQF\ WR SDVV WKURXJK WKH PHPEUDQH ZKHUHE\ LQFUHDVHG LWV FRQFHQWUDWLRQ LQ SHUPHDWH
VROXWLRQ+RZHYHU WKH UHPRYDO RI3%( VXUIDFWDQWZDV VOLJKWO\ LQFUHDVHG DV WKH LQLWLDO S+ LQFUHDVHG IURP WR
)XUWKHULQFUHDVHRILQLWLDOS+UHVXOWHGLQLQYDULDQW3%(UHPRYDO$VWKHLQLWLDOS+LQFUHDVHGH[FHHGVWKHDONDOLQH
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FDWDO\]HG K\GURO\VLV VWDUWHG WR RFFXU KHQFH GHFUHDVHG WKH FRQFHQWUDWLRQ RI VXUIDFWDQW SUHVHQWV LQ WKH VROXWLRQ
7KHUHIRUH WKH LQFUHDVH RI VXUIDFWDQW UHPRYDO DW WKLV FRQGLWLRQ ZDV LQIOXHQFHG E\ WZR IDFWRUV WKH SRWHQWLDO RI
VXUIDFWDQWPRQRPHUVWRUHWDLQRQPHPEUDQHVXUIDFHDQGWKHORVVRIVXUIDFWDQWWKURXJKK\GURO\VLVSURFHVV















GHFUHDVHVZLWK LQFOLQH LQ VXUIDFWDQW FRQFHQWUDWLRQ7KLV VWXG\ DOVR UHYHDOHG WKH H[LVWHQFHRI FRPSHWLWLRQEHWZHHQ
5%DQG52G\HVLQWKHDTXHRXVVROXWLRQGXULQJWKH0(0)SURFHVV7KHHIIHFWRIRSHUDWLQJSUHVVXUHGLVFORVH
WKDW VOLJKW LQFUHDVH RI 52 G\H UHPRYDO ZLWK LQFUHDVH LQ 3%( FRQFHQWUDWLRQ 7KH UHPRYDO RI 3%( VXUIDFWDQW
GHFUHDVHV JUDGXDOO\ ZKLOH VOLJKW LQFUHDVH RI SHUPHDWH IOX[ZDV REWDLQHG IRU DOO UDQJH RI RSHUDWLQJ SUHVVXUH 7KH
LQFUHDVHRILQLWLDOS+WRJDYHQHJDWLYHLPSDFWRQSHUIRUPDQFHRISHUPHDWHIOX[ZKHUHE\WKHIOX[LVWRRIDVWWREH
PHDVXUHG5HVXOWVREWDLQHGLQWKLVVWXG\SURYHGWKDWWKH0(0)SURFHVVDFKLHYHGFRPSOHWHGHFRORXUL]DWLRQRIERWK





7KLVZRUNZDV ILQDQFLDOO\ VXSSRUWHGE\ WKH)XQGDPHQWDO RI5HVHDUFK*UDQW6FKHPH IURP0LQLVWU\RI+LJKHU
(GXFDWLRQ0DOD\VLD DQG8QLYHUVLWL7HNQRORJL0$5$0DOD\VLD7KH DXWKRUVZRXOG OLNH WR WKDQN WKH0DOD\VLDQ
3DOP2LO%RDUG032%IRUSURYLGLQJWKHSODQWEDVHGHVWHUTXDWIRUWKLVSURMHFW
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